ation 7 , and is thought to be therapeutically effective owing to both the odor-related psychological effects and the physiological effects of the inhaled volatile compounds 8 . A few studies have reported the sedative effects of essential oils used for aromatherapy. The sedative effects of lavender have been demonstrated in studies on anxiety reduction and mood improvement 9, 10 . Nagata et al. found that sweet orange essential oil produced a relaxing effect by measuring salivary α-amylase activity and changes in state anxiety levels using a psychological index 11 . Comparatively, the measurement of neural changes caused by emotional and psychological transitions can be investigated using near-infrared spectroscopy NIRS . NIRS is an imaging technique used in the elucidation of cortical hemodynamic responses that measures changes in the attenuation of near-infrared light passing through tissue. It has been validated as a suitable technique for investigating neural mechanisms in psychological experiments 12 14 .
In northern parts of Japan, A. montana is a predominant species, and is widely distributed in Hokkaido. The aromatic composition of A. princeps, the common species in the southern part of Japan, has been reported 15 , but that of A. montana has not yet been investigated. The present study was performed to understand the effective utilization of A. montana in the field of cosmetics by clarifying the aroma compound composition of the essential oil, as well as understanding its sedative effects by measuring salivary α-amylase activity and oxyhemoglobin concentrations in the lateral frontal lobes using NIRS.
MATERIALS AND METHODS

Chemicals and solvents
Ethanol EtOH , n-hexane, and triethyl citrate were purchased from Wako Pure Chemicals Osaka, Japan . 1,8-Cineol, camphor, borneol, bornyl acetate, o-cymene, caryophyllen oxide, and β-thujone were purchased from Tokyo Chemical Industry Tokyo, Japan . Lavender oil and ylang ylang oil were obtained from SODA AROMATIC Co. Ltd., Tokyo, Japan .
Plant materials
Arial parts of Artemisia montana were collected at the Okhotsk campus, Tokyo University of Agriculture, Abashiri, Hokkaido, Japan, from July through August 2012. The leaves were separated and air-dried. The dried samples were kept in sealed packs.
Preparation of essential oil
The dried leaves 50 g were added to water 1 L , and were distilled using a Dean-Stark apparatus for 2 hr to obtain the essential oil yomogi oil, 50.1 mg .
Gas chromatography-mass spectrometry GC/MS
Gas chromatography-mass spectrometry GC-MS was performed using an Agilent 7890 A gas chromatograph and an Agilent 5975 mass spectrometer Agilent Technology, CA, USA , equipped with an olfactory apparatus. A DB-wax column 0.25 mm I.D 30 m, 0.25 μm was used, and the conditions were as follows: injection temperature 250 , column temperature 40 0.5 min -40-230 3 /min , split ratio 10:1, He gas flow 3.0 mL/ min.
Quantitative determination of aroma components in essential oil
The calibration curves of 1,8-cineol, borneol, caryophyllene oxide, β-thujone, o-cymene, and bornyl acetate were made using 250, 500, and 800 μg/mL solutions in n-hexane. The standard solutions and the diluted solution of yomogi oil were analyzed by GC-MS. The contents of these compounds in yomogi oil were determined by their peak area, and this experiment was performed in triplicate.
Sensory test
Sensory evaluations of yomogi oil were performed on 55 volunteers 33 men and 22 women, aged 19-24 years . The volunteers sniffed a mouillette smelling strip dipped in 10 mg/mL EtOH solutions of yomogi oil or lavender oil, and their responses were recorded on an accompanying questionnaire. The volunteers scored the following opposite word pairs on a scale of one to seven: pleasant -unpleasant, elegant -inelegant, relaxing -ineffective, rising concentration -falling concentration, exciting -unexciting, fresh -not fresh, natural -artificial, cheerful -not cheerful, and favorable -unfavorable.
Measurement of saliva α-amylase activity
Saliva α-amylase activity was measured using a COCORO meter Satoh Shoji, Kawasaki, Japan . Yomogi oil dissolved in triethyl citrate 10 mg/mL was used as the test solution. Five minutes after sniffing the test solution, the saliva α-amylase activity of 10 volunteers five men and five women, aged 19-24 years was measured.
Near-infrared spectroscopy NIRS
The relative fluctuation of oxygenated hemoglobin concentrations ∆ oxy-Hb in the brain was measured using a portable near-infrared spectroscope Pocket NIRS Duo, Dy-naSense, Hamamatsu, Japan . Two measuring probes were attached to the ventrolateral prefrontal area of volunteers by a designated method. Measurements were performed using the following protocol: resting period for 60 sec, sniffing a mouillette dipped in yomogi oil or reference oil dissolved in EtOH 10 mg/mL for 60 sec, resting period for 60 sec, sniffing EtOH for 60 sec, and resting period for 60 sec. As standard references for exciting and sedative effects, ylang ylang oil and lavender oil were used, respectively. Eighteen volunteers eight men and 10 women, aged 19-24 years participated in the experiment.
Preparation of model aroma
A model oil of yomogi aroma was made by mixing the components shown in Table 1 . tial oils from aerial parts of Artemisia plants were previously reported to be 0.05-1.00 15 19 , and ranged widely depending on species. The yield of the essential oil from the leaves of A. princeps, another predominant species in Japan, was reported to be 0.0049 on a wet basis 15 . Therefore, the yield of A. montana was not significantly different from that of A. princeps.
RESULTS AND DISCUSION
The components of yomogi oil were analyzed by GC-MS Fig. 1 . The major components according to peak areas were borneol, 1,8-cineol, and camphor 16.3, 15.4, and 13.7 , respectively . Piperitone, caryophyllene oxide, ocymene, β-thujone, and bornyl acetate were also detected.
The contents of seven major components were quantitatively determined by GC-MS and the results are shown in Table 2 . The contents of 1,8-cineol, borneol, and camphor were higher than those of other components, and in the range of 840-900 μg/g dry leaf. Interestingly, the caryophyllene oxide content was close to the levels of these compounds 256 μg/g . According to the Japanese Standards of Quasi-drug Ingredients, these compounds are used for the identification of Japanese mugwort water. Our results indicate that the official method for identification of mugwort water is reasonable, although caryophyllene oxide was also shown to be one of the major components.
The aroma-impact components of yomogi oil were investigated by the aroma extract dilution analysis AEDA method, and nine compounds were determined as aromaimpact compounds as shown in Table 3 . The flavor dilution FD value of 1,8-cineol 7, young leaf note was the highest, followed by that of borneol 6, oriental medicine note . The FD value of o-cymene cut grass note , β-thujone muscat note , and bornyl acetate citrus note was 5. These data indicate that 1,8-cineol and borneol are important primary aroma-impact components in yomogi oil.
Sensory evaluation of yomogi oil
The sensory features of yomogi oil were evaluated by young men and women, using lavender oil as a reference compound. Among nine queries, responses for pleasant , elegant , relaxing , fresh , and favorable following the inhalation of yomogi oil were quite similar to those for lavender oil, and the answers for ineffective and natural were more numerous Fig. 2 . The results from these sensory tests of yomogi oil suggest that yomogi oil has sedative effects.
Effect of yomogi oil on saliva α-amylase activity
Saliva α-amylase activity is a known indicator of stress 20 , and is easily monitored by commercially available instruments 21 . Our experiments demonstrated that saliva α-amylase activity was lower after inhalation of yomogi oil than in controls, as shown in Fig. 3 . Although there was no significant difference, yomogi oil did have the tendency to reduce stress in this experiment.
Analysis of the sedative effects of yomogi oil by NIRS
NIRS has been used to determine the functional activation of various brain areas, and is based on the assumption that an increase in oxy-Hb concentration represents an increase in blood flow 22 . Increased blood flow likely reflects neuronal activation. The activity of the olfactory cortex has been monitored by measuring the relative variation of oxy-Hb ∆ oxy-Hb at the level of the ventrolateral pre- Peak 1:1,8-cineol, peak 2: o-cymene, peak 3: β-Thujone, peak 4: camphor, peak 5: bornul acetate, peak 6: terpinene-4-ol, peak 7: borneol, peak 8: piperitone, peak 9: caryophyllene oxide 80.01 a Retention index (RI) relative to the homologous series of n-alkanes (C6-C26) on the DB-WAX capillary column. b Relative area (peak area relative to total peak area) c MS = mass spectrum, Co = co-injection with standard compound frontal cortex. Therefore, the effects of yomogi oil on the activation of these brain areas were tested by NIRS. NIRS measurements were performed using lavender oil and ylang ylang oil as references for sedative effects and exciting effects, respectively. The average time courses of ∆ oxy-Hb of 18 volunteers produced by sniffing yomogi oil, lavender oil, and ylang ylang oil are shown in Fig 4. The time course of ylang ylang oil, as the reference for production of an exciting effect, produced an increase of ∆ oxy-Hb Fig. 4B , and that of lavender oil, as the reference for a sedative effect, produced a decrease Fig. 4C . As shown in Fig. 4A , sniffing yomogi oil produced a temporary increase in ∆ oxy-Hb over 0-25 sec, then a decrease towards the end of the measurement 60 sec . Temporary increases in ∆ oxy-Hb were also observed in the cases of ylang ylang oil and lavender oil, and therefore must be caused by activation of the brain after the perception of any aroma. The averages of the slope of variation ∆ oxy-Hb of the three samples are summarized in Table 4 , and yomogi oil 3.0 10 4 μM/s produced a more sedative effect than lavender oil 2.0 10 4 μM/s .
Aroma components in yomogi oil responsible for its sedative effects
As shown in Fig. 4 , yomogi oil exhibited sedative effects in volunteers following inhalation, and these effects were supported by the sensory tests and the saliva α-amylase test. Therefore, we intended to characterize the aroma components in yomogi oil responsible for its sedative effects using NIRS.
The aroma-impact components of yomogi oil were shown to be 1,8-cineol, borneol, β-thujone, bornyl acetate, and The subject sniffed a mouillette dipped in 10 mg/ml EtOH solutions of yomogi oil or Lavender oil, and answered in seven stage evaluation to 9 questions Each value is the mean SE, n=55. Fig. 3 Effect of sniffing yomogi oil on saliva α-amylase activities.
Five minute after sniffing the yomogi oil test solution, saliva α-amylase activities were measured by a COCORO meter. Each value is the mean SE, n=10.
-cymene, as shown in Table 3 . Therefore, a model yomogi oil was reconstructed. The model yomogi oil was prepared according to the contents of the critical compounds in yomogi oil Table 3 and was diluted with triethyl citrate. The aroma characteristics of the model oil were quite similar to those of the yomogi oil in sensory evaluation data not shown . The model yomogi oil produced a negative slope in NIRS test, but the slope of ∆ oxy-Hb was about two-fifths of that of yomogi oil Table 5 . The slopes of ∆ oxy-Hb of the aroma-impact components of yomogi oil 10 mg/mL EtOH solutions are also shown in Table 5 , and the decrease of ∆ 
CONCLUSION
The sedative effects of yomogi oil, the essential oil of A. montana, were demonstrated by sensory tests, NIRS tests, and saliva α-amylase tests. The sedative effects of yomogi oil were shown to be comparable to those of lavender oil, used as a reference compound for the production of a sedative effect in the sensory test and NIRS tests. Moreover, the NIRS test indicated that 1,8-cineol might be the component most responsible for producing this effect. While further investigation is needed to determine the precise effects of the essential oil of A. montana, our results will prove valuable in the cosmetic utilization of the essential oil.
ACKNOWLEDGMENTS
Authors are grateful for financial support from the ALBION co. ltd., Tokyo, Japan, and also we acknowledge to Aya Samuta and Riko Takano for supporting of this study. Each values were calculated by time courses of ∆ oxy-Hb in Fig. 3 . o-cymene 0.5 10 4
Volatile Components of the Essential Oil of Artemisia montana and Their Sedative Effects
